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Waveguide couplers were fabricated and  will be required for effective optical
analyzed for structural accuracy, output-  interconnections between electronic
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beam accuracy, and output efficiency. The components. Rectangular relief diffraction
results for the two different materials are
compared. Applications for these couplers providing efficient nonplanar coupling. In

gratings were investigated as a method of
addition, efficient integration of optical and

material and fabrication processes. Optical

Helen Cole/EB52 polymers were evaluated for electronic
205-544—-6790 This research was conducted as a joint ~ component compatibility, fabrication
E-mail: helen.cole@msfc.nasa.gov effort between MSFC and the U.S. Army  repeatability, and optical device efficiency.
Missile Command Weapons Sciences
Directorate Research, Development, and Gratings were fabricated in both the NOA
Researchers are currently investigating Engineering Center. The research was and Amoco materials withdm feature
numerous applications of optics to informa-initiated in March 1994 and concluded in  sizes. Figure 117 illustrates the expected

tion processing problems. Integrated opticsMarch 1996. The research was supported byutput angles for the fundamental mode of

in particular, is being researched as a MSFC under a Center Director’s Discre-  either material.
mechanism to increase information tionary Fund activity in the area of binary
exchange speeds and capacities beyond optics.

electronic limitations. To accomplish these

increases, optical devices are interspersed The objective of this effort was to design tics include waveguide thickness, output

Several characteristics of the fabricated

couplers were evaluated. These characteris-

with electronic devices. This allows and produce waveguide couplers for power, number of output angles, near-field

designers to take maximum advantage of efficient optical coupling between output profile, and the far-field output
the benefits from both optical and electronimonplanar devices. Couplers of this nature profile. Fundamental mode coupling
technologies. Integrating optical circuits

with electronic circuits requires small

feature sizes, high efficiency to minimize X
power consumption, conversion between L |<—,|
optical and electrical signals, nonplanar Z A
interconnections, and manufacturing _a’ Ih
compatibility. b

To address the problem of nonplanar
interconnections fabricated in materials
compatible with electronic fabrication
technology, waveguide output couplers

were designed and fabricated in Norland
Optical Adhesive (NOA) No. 81 and

AMOCO Ultradel 9020D polyimide. The

output couplers were implemented using
periodic relief gratings (fig. 115) on a X
planar waveguide (fig. 116). Design theory 7
of the couplers was based on the perturba-
tion approach. Coupling of light from
waveguide propagation modes to output Cladding (nc)
radiation modes can be described by
goupled que t_heory and the transmission Guilding Region (ng) AI:—
line approximation of the perturbed area

(grating structure). Using these concepts,
gratings were accurately designed to output
a minimum number of modes at desired
output angles.

Waveguide Guiding Region (ng)

Ficure 115.—Basic relief grating structure.

Substrate (ns)

Ficure 116.—Planar waveguide structure.
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Ficure 117.—Coupler output angles for the fundamental waveguide mode.

efficiencies of 69.39 percent and 74.28 per-'Watson, M.D.: “Polymer Waveguide
cent were measured for the NOA and Output Couplers”. Master’s Thesis,
Amoco materials, respectively. University of Alabama in Huntsville,
1996.
Preliminary results of this research were
presented at the 1995 Society for Photo-
optical Instrumentation Engineers (SPIE)
International Symposium in San Diego,
California. These results were published in
the conference proceedings.

2\Watson, M.D.; Abushagur, M.; Ashley, P.;
Johnson-Cole, H.: Proceedings, SPIE
International Symposium, July 1995.
Application and Theory of Periodic
Structures, vol. 2532, pp. 131-140.
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